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transmission coefficients for Upsala, Sweden (18), lati- 
tude 59’ 51’ N. axe, in general, only about 0.005 less 
than the transmissions I have computed for latitude 
60’ N. 

Average daily totals of the radiation received on a 
horizontal surface are available for Stockholm, Sweden, 
latitude 59’ 21’ N., and for Habana, Cuba, latitude 
23’ 09‘ N (18), both of which have a semimarine climate. 
The records for Stockholm cover a single year, those for 
Habana about 15 months. The Stockholm records give 
daily totals only a few per cent less than the computed 
values of Table 4 for latitude 60’ N., except for May and 
June. The published curve of daily totals [(18) Figure 21, 
shows a decided depression for these two months. The 
daily totals for Habana [(ls) Figure 11, are less than the 
computed values of Table 4 for latitude 20’ N., for the 
months October to February, inclusive, and more than 
the computed values for March to September, inclusive. 
We would expect the total radiation a t  Habana, latitude 
23’ 09’ N., to be more than a t  latitude 20’ N. in summer 
and less in winter. 

It seems evident that  with reliable climatological data 
the radiation intensity over the oceans may be computed 
with considerable accuracy;&u& the values here given 
must not be accepted a5 fi-nal. ---- __-- 
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HEATING AND COOLING OF WATER SURFACES’ 

By GEORGE F. MCEWEN 
(Abstract) 

Under this title a brief report was read based upon a 
50-page manuscript entitled : “Mathematical Theory of 
Vertical Temperature Distribution in Water under the 
Action of Radiation, Evaporation, and the Resulting 
Convection or Mising.” (Derivation of a general theory, 
and its illustration by means of numerical applic ations to 
reservoirs, lakes, and oceans.) 

Since this manuscript will be ready in the summer of 
1928 for publication in full as a bulletin (technical) of the 
Scripps Institution of Oceanography, La Jolla, Calif., by 
tbe University of California Press, only a brief abstract 
is presented here. 

A mechanism has been devised involving the sinking of 
surface masses of water rendered relatively heavy, the 
evaporation, conduction through the air, and back 
radiation, and a compensating ascent of lighter, warmer 
masses. The mathematical theory of this mechanism 
of the downward diffusion of surface cooling led to a pair 
of simultaneous differential equations involving tur- 
bulence, rate of surface cooling, rate at  which solar 
radiation penetrates the surface, rate of vertical dis- 
tribution of temperature and salinity, and rate of vertical 
flow of the water. 

Methods have been worked out for applying these 
equations to numerical data, without the need of their 
general solut,ion, which has not been attempted. Three 
integrals appearing in these equations and depending 
upon the vertical variation of specific gravity have 
been tabulated to facilitate numerical applications. 

Numerical re.sults hare been obtained by applying the 
theory to serial temperatures in a tank of water, to serial 
temperatures of Lake Mendota, Wis., and to serial 
temperatures and salinities in the Pacific Ocean near 
San Diego, Calif. From such observations the theory 
provided a means of e,stimating the rate of penetration 
of solar radiation through the water surface, the rate of 
surface cooling, and, therefore, an approximate estimate 
of evaporation and the rate of vertical flow of the water. 

1 The full title as given by the author is “The rate at which solar radiatiun penetrates 
the surhce of lakes and oceans, and t.he rate at which the surffbce loses heat as deducad 
from serial tempersture~,bservations.”-Ed. 
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The upwelling velocity in the Pacific near San Diego was 
thus estimated to be about 25 meters per month during 
the summer, and the rate of penetration of solar radiation 
thus found was in good agreement with results obtained 
by independent methods. 

By applying the same mechanism of downward diffu- 
sion to the distribution of salinity, and combining the 
resulting equations with those pertaining to temper- 
ature, the surface cooling due to evaporation and other 
causes can be estimated separately. This means of 
determining the rata of evaporation from the ocean by 
means of serial observations of temperature and salinity 
between the surface and the hundred-meter level, while 

theoretically possible, has not yet been applied. An 
approximate estimate of ocean evaporation from the rate I 

of surface cooling can be made by supplementing the 
serial observation with observations on an evaporating 
pan containing sea water. 

Numerical or graphical integration of the equations 
after the various physical magnitudes have been found as 
indicated above should reproduce the subsequent changes 
in temperatures and salinities from their initial values. 
If the upwelling velocity is not included, integration 
should yield “normal values; that is, values of temper- 
ature and salinity to be expected in the absence of R 
general flow of the water. 

A NEW ANALYSIS OF THE SUN SPOT NUMBERS 
By DINSMORE ALTER 

[University of Kansas, Lawrence, Kans.. November 16,19281 

During the past 10 years the writer has worked a great 
deal with analyses of data and has spent much t,iine on 
the sun spot numbers. However, except for one brief 
paper on the 11-year means (la),  read before the h t , ro-  
nomical Soc,iety in 1921, he obtained no results worthy of 
publication by any of the older methods. 

With the development of the equations used in the 
correlation periodogram (lb) last year it seemed worth 
while once more to try the problem. All previous anal- 
yses had depended on repetit,ions of a sine curve of 
assumed period, the best of these being t,hose made by 
the Schuster method. For such a method the number of 
data was far too small, either to prove the existence or 
nonexistence of fairly constant periodwities (IC). The 
new method, however, using not only such a curve but 
all its harmonics simultaneous!y, promised to require 
less data for a decision. Accordmgly a thorough analysis 
was made. Since the complete niet,hod was published in 
this journal it will not be developed here. 

The unsnioothed Wolf-Wolfer numbers for the years 
1749-1926 were formed into 6-month means, giving 356 
data. The periodogram was computed using logs, vnry- 
ing by 6-month steps, from 12% to 142% years for the 
separate correlat,ions. The number of pairs of data used 
therefore, in computing each correlation coefficient 
ranged from 331 down to 71. Beyond the latter number 
but little accuracy would have been secured. The period- 
ogram is reproduced as Figure 1. 

Naturally the first feature of the periodograni to shrike 
the eye is the series of crests a t  a litble more than 11-year 
intervals. Examination will show, however, that their 
intervals do not even approximate the generally accept,ed 
value of 11 4/8 years but average 11.37 years m d  are quite 
consistent in grouping around this figure. I n  other words, 
although the number of maxima and minima usually 
considered by investigators to be principal ones is such 
as to give approximately an 11 yryear mean, the shape of 
the curve is such that t,he best correlations occur after 
intervals of more than 11% years. This checks with the 
lon value assumed by Mount Wilson. 

#he next significant feature of the periodogram is the 
variation in amplitude of its spring between minimum and 
maximum. It reaches a rnimmum amplitude a t  about 
33 years, a maximum a t  about 65 or 70, and a very pro- 
nounced minimum a t  about 126 years. The curve as a 
whole also swings about the zero !ne from a minimum a t  
approximately 40 yeaw to a m m m u m  at about 85 and 
another minimum near 126. The letter feature is evi- 
dently due to a cycle (either accidental or significant) 
of about 85 years. 

The variation in amplitude is far too great to be acci- 
dental. Perhaps we have no esact periodicity, but a 
tendency toward 1e.ngthening And shortening of the cycle 
such tendencies persisting through considerable number 
of years. However, the changes resemble so closely the 
familiar best pattern made by superimposed periodicities 
that it is worthwhile investigating the hypothesis that 
they actually are such. 

The amplitude has decreased nearly to zero a t  126 
years. Such a pattern could come only through the 
superposition of periodicities, which are harmonics of 
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twice this period. If only such a primary and a 126- 
year period existed, the pattern would have shown a 
steady decrease to zero a t  this point instead of the m m -  
mum at 85 years. It is obviously easy to find three 
harmonics of 252 years which would give the secondary 
and primary rnininia and the maximum observed. This 
was done early in the investigation, but the more logical 
plan is to compute all the harmonics of 252 years and 
find the amplitude of each. One thing which the pattern 
dejinitely tells us is that, if the sun spot variution is the 
result of superposition of fairly constant periodicities, any 
large oms of length less than a century must be harmonics 
of approximately 2’5.2 years. 

These hnrnionics of 252 years were, therefore, all com- 
puted beginning with the second of period 126 years and 


